Amino acids are potent modulators of protein synthesis and degradation in skeletal muscle. Muscle protein synthesis is increased by amino acids that are infused [1] [2] [3] or orally administered, 4, 5) whereas degradation is decreased by infused 1, 2) or dietary amino acids. 6) On the other hand, oral leucine administration suppresses myofibrillar proteolysis in rats. 7) We have also shown that an oral administration of leucine or isoleucine suppressed myofibrillar proteolysis in chicks. 8) Despite this knowledge, the early response of muscle protein degradation to orally administered amino acids remains largely unknown.
To clarify this aspect, the present study investigated the effects of orally administrated amino acids (Asp, Glu, Gly, Ala, Val, Leu, Ile, Ser, Thr, Cys, Met, Phe, Tyr, Trp, Asn, Gln, Pro, Lys, His and Arg) on myofibrillar proteolysis in chicks. N -methylhistidine is an amino acid formed by the post-translational methylation of specific histidine residues in the myofibrillar proteins, actin and myosin. Since N -methylhistidine cannot charge tRNA, it cannot be reutilized for protein synthesis. Because of this, and also because it does not undergo catabolism, the output of N -methylhistidine has been used as an index of myofibrillar proteolysis. 9, 10) It has been reported that plasma N -methylhistidine concentration, urinary N -methylhistidine excretion, and N -methylhistidine release from incubated muscle were increased by starvation in rats.
11)
One-day-old male layer chicks were supplied by a local commercial hatchery (Kasumigaura-Furanjo, Ibaraki, Japan). They were housed in an electricallyheated battery brooder and provided with water and a commercial starter diet (Shimizukou-Shiryou, Shizuoka, Japan) ad libitum for 7 days. On day 7, one hundred and five birds of similar body weight (about 80 g) were selected and housed in wire-bottomed aluminum cages, and five replications were made per treatment. The temperature of the room was 25 C, and the relative humidity was maintained at 50-70% throughout the experiment. Chicks were given free access to a semipurified corn soybean meal diet (crude protein 20%, metabolizable energy 2900 kcal/kg diet) and water for 7 d. At the start of the experiment, 14-day-old chicks weighing 140 AE 3 g were divided into groups and caged separately. Chicks were deprived of food for 24 h and then randomly assigned to continue as food-deprived (control) or to receive one of twenty dietary treatments by oral gavage as follows:
, L-histidine (His) and Larginine (Arg). The amount of each amino acid administered was 225 mg/100 g body weight, prepared as 3.8 g/50 ml in distilled water. Food-deprived chicks (control) received an equal volume of saline by oral gavage. The amount of each amino acid administered was equivalent to the amount of leucine consumed by chicks of this age and strain during 24 h of free access to a diet.
8) The chicks were killed 2 h after the administration, and blood samples were obtained. The experimental procedures used in this study met the guidelines of the Animal Care and Use Committee of the National Institute of Livestock and Grassland Science.
Plasma N -methylhistidine concentration was measured by the HPLC method after derivatization of fluorescamine with a treatment of perchloric acid and heating. 12) Data were analyzed by Student's t-test. A p value <0:05 was considered statistically significant. Each result is expressed as the mean AE SD.
In the present study, the effects of orally administrated amino acids (Asp, Glu, Gly, Ala, Val, Leu, Ile, Ser, Thr, Cys, Met, Phe, Tyr, Trp, Asn, Gln, Pro, Lys, His and Arg) on myofibrillar proteolysis in chicks were investigated.
The result of plasma N -methylhistidine concentration, as an index of myofibrillar proteolysis, is shown in Fig. 1 . Plasma N -methylhistidine concentration was decreased by orally adminiatrated Glu, Gly, Ala, Leu, Ile, Ser, Thr, Met, Trp, Asn, Gln, Pro, Lys and Arg in chicks. However, oral Asp, Val, Phe, Tyr and His administration had no effect on plasma N -methylhistidine concentration, while orally Cys was fatal to chicks. The administration of Cys up to 225 mg/100 g body weight caused such symptoms of Cys toxicity as ananastasia, vomiting and hepatic damage. However, the oral administration of cystine (225 mg/100 g body weight) decreased plasma N -methylhistidine concentration in chicks (data not shown). The administration of amino acids (except Cys) up to 225 mg/100 g body weight did not cause any symptoms of toxicity such as ananastasia, vomiting and hepatic damage (data not shown). Plasma glutamic oxaloacetic transaminase (GOT) activity, as an index of hepatic damage, was not increased by orally administrated amino acids (except Cys) to chicks (data not shown). These results indicate that orally administrated Glu, Gly, Ala, Leu, Ile, Ser, Thr, Met, Trp, Asn, Gln, Pro, Lys or Arg suppressed myofibrillar proteolysis in chicks. N -methylhistidine is an amino acid formed by the posttranslational methylation of specific histidine residues in the myofibrillar proteins, actin and myosin. Since N -methylhistidine cannot charge tRNA, it cannot be reutilized for protein synthesis. Because of this, and also because it does not undergo catabolism, the output of N -methylhistidine has been used as an index of myofibrillar proteolysis.
9) It has been reported that plasma N -methylhistidine concentration, urinary N -methylhistidine excretion, and N -methylhistidine release from incubated muscle were increased by starvation in rats. 11) We have also reported that plasma N -methylhistidine concentration in chicks was increased by fasting and decreased by refeeding. 13) The recent findings that protein feeding 14) and even feeding with Leu alone 7) rapidly reduced the plasma level of N -methylhistidine, as a specific marker of myofibrillar proteolysis in vivo, together with its release from muscle incubation in vitro, strongly indicate that amino acids control myofibrillar proteins. However, it is not known if this reflects the myofibrillar proteolysis caused by amino acids, and the mechanism for the effect of each amino acid is not understood in vivo. We have previously shown that oral Leu or Ile administration suppressed myofibrillar proteolysis in chicks. 8) We have also shown that Leu or Ile suppressed myofibrillar proteolysis in chick myotube cultures. 8) Several additional reports have confirmed that Leu inhibited muscle protein degradation. 15, 16) However, the effects of amino acids on myofibrillar proteolysis in skeletal muscle in vivo have not previously been reported. In the present study, an oral administration of Glu, Gly, Ala, Leu, Ile, Ser, Thr, Met, Trp, Asn, Gln, Pro, Lys or Arg suppressed myofibrillar proteolysis in chicks.
Multiple proteolytic systems play a major role in various situations of protein loss and muscle wasting. The intercellular proteolytic processes which are found in skeletal muscle include various proteases like lysosomal acidic cathepsins 17) and Ca 2þ -dependent calpains. 18, 19) Protein can also be degraded by the ATP-dependent ubiquitin-proteasome system. 20) The ubiquitin-proteasome system has been found to constitute an essential pathway for accelerated proteolysis in various animal models of muscle wasting. 21, 22) However, the precise roles of all these degradation systems in the breakdown of skeletal muscle proteins have yet to be determined. Hamel et al. 23) have recently shown that Leu, Phe, Trp, Lys and Arg directly inhibited proteasomal activity in vitro. However, there is no evidence for Leu, Phe, Trp, Lys and Arg suppressing proteasomal activity in vivo. In the present study, Phe did not suppress myofibrillar proteolysis in vivo. We have also reported that Leu and Ile suppressed proteasome gene expression in chick skeletal muscles in vivo. 8) On the other hand, Kanazawa et al. 24) have reported that Leu, Tyr and Gln suppress autophagic proteolysis in isolated rat hepatocytes. However, in the present study, Tyr did not suppress myofibrillar proteolysis in vivo. In this context, the nature and role of amino acids regulating the proteolytic mechanism still require further investigation.
In conclusion, the present study shows that an oral administration of Glu, Gly, Ala, Leu, Ile, Ser, Thr, Met, Trp, Asn, Gln, Pro, Lys or Arg to chicks suppressed myofibrillar proteolysis.
